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Preparation of the thylakoid and PS
II membranes from spinach -Intact thylakoids were prepared from spinach as previously described (18). PS II membranes were prepared according to Berthold et al. 
Treatment of the thylakoids and PS
and the supernatant was collected and used as the Chelex-treated sample.
Measurements of PS II activity and
Mn content -The PS II activity was 
Heat-induced lipid peroxidation in spinach
thylakoid and PS II membranes -As described above, the ROS were detected in the PS II membranes under heat stress.
However, we do not know how the ROS were generated under these conditions.
Previously it was shown that lipid peroxidation is a good candidate to produce 1 O 2 (24). Heat-induced lipid peroxidation was previously shown with wheat thylakoids (23).
Therefore, we examined lipid peroxidation in spinach thylakoid and the PS II membranes after they were exposed to heat stress using the TBA method. Here, we detected a marked We estimated that the decrease in the PS II activity under heat stress was much less than that under the aerobic conditions. These results suggested that the oxidative damage to PS II by ROS is one of the important causes of heat-inactivation of PS II. As reported previously, PsbO, P and Q proteins were released from PS II upon heat treatment (13, 15-17) (Fig. 7) . We confirmed the heat-induced protein release from the PS II membranes under the present conditions ( Fig.7A and B) . Importantly, under the anaerobic conditions, the release of the PsbO protein from PS II was significantly prevented. The addition of sodium ascorbate also suppressed the release of the PsbO protein ( Fig. 7C and D) . Thus, ROS are presumably involved in the heat-induced release of the extrinsic protein at least in part.
To determine which ROS is responsible for this process, the effects of artificially induced 1 O 2 and HO • were examined (Fig. 8) .
Apparently, both reactive oxygen species (Fig. 7) , and the results of the Oxiblot suggested oxidation of the PsbO protein takes place under moderate heat stress (Fig. 2) (Fig. 10) .
Another metal center which is different from the water-splitting Mn complex such as the heme iron of cytb 559 or non-heme iron might play a role in these processes. suggested previously (14) .
The removal of metal ions by
Chelex treatment of the thylakoids and PS II membranes had no effect on the heat-induced lipid peroxidation (Fig. 9C) 
